• Premise of the study: Ten polymorphic chloroplast microsatellite (cpSSR) markers were developed and characterized in an endemic and endangered herb, Maianthemum bicolor (Asparagaceae s.l.), for use in conservation genetics.
Applications in Plant Sciences
Maianthemum bicolor (Nakai) Cubey (Asparagaceae s.l.) is an endemic perennial herb of South Korea (Oh, 2007) . This species is characterized by dioecious flowers and tepal color that is green at the early stage of the flowering period and changes to dark purple as it grows (Yang, 2007) . Therefore, it is visually possible to distinguish the species after the flower and fruit appear. Natural populations of M. bicolor are facing extinction due to habitat deterioration, low germination rates, and overexploitation by humans due to the species' ornamental value (Chang et al., 2005; Lee et al., 2007) . In addition, all local populations of M. bicolor growing on the ridges of mountains at altitudes higher than 1300 m above sea level are highly fragmented, and those habitats are isolated with discontinuous distribution (Lee et al., 2007; Oh, 2007) . Both in situ and ex situ conservation programs are being undertaken to secure the wild populations (Lee et al., 2007) , but neither the extent of genetic diversity nor the population structure of M. bicolor has been clearly analyzed. Thus, there is an urgent need for development of useful molecular markers for conservation genetics.
Although nuclear markers are excellent for use in most population genetic analyses (Ding et al., 2008; Kim et al., 2008; Tang et al., 2008; Guichoux et al., 2011) , they are not suitable for phylogenetic and phylogeographic studies above species level due to high substitution rates (Powell et al., 1996) . Chloroplast simple sequence repeat (cpSSR) markers are mainly distributed throughout noncoding regions, which show higher sequence variation than coding regions (Powell et al., 1995) . Moreover, the cpSSR markers developed from a species are frequently applicable to amplify homologous regions across related taxa (Diekmann et al., 2012) . Therefore, cpSSR markers can be applied for conservation genetics of endangered plant species and can be used to determine molecular identification and genetic relationships among closely related species (Clark et al., 2000; Huang et al., 2015) as complementary tools of nuclear markers.
Here, we provide 10 cpSSR markers for M. bicolor to facilitate conservation and molecular identification. These markers were developed from the complete chloroplast genome sequences of M. bicolor and tested on three natural populations. We also examined the transferability of the markers to three congeneric species, M. japonicum (A. Gray) LaFrankie, M. bifolium (L.) F. W. Schmidt, and M. dilatatum (Alph. Wood) A. Nelson & J. F. Macbr.; the former is closely related to M. bicolor and the latter two are more distantly related within the genus (Kim and Kim, unpublished).
METHODS AND RESULTS
To determine the complete chloroplast genome sequences of M. bicolor, we sampled fresh leaf material from Mt. Deogyu, South Korea. Genomic DNA was extracted using a DNeasy Plant Mini Kit (QIAGEN, Valencia, California, USA). The chloroplast genome of M. bicolor was sequenced using a genome skimming approach on an Illumina MiSeq sequencer (Illumina, San Diego, California, USA) and assembled with Geneious version 7.13 (Biomatters, Auckland, New Zealand). The chloroplast genome of M. bicolor is 157,176 bp in length. It displays a typical quadripartite structure, with the large single-copy region (85,698 bp, 54.5% of the total genome) separated from the small single-copy region (18,394 bp, 11.7%) by two inverted repeat regions (26,542 bp, 16.9% each) . The GC content is 37.6% (Park et al., unpublished) .
The cpSSR regions of M. bicolor were searched through the complete chloroplast genome sequence using a tandem repeat search tool in Geneious with the parameters set to ≥7 mononucleotide repeats, ≥4 di-and trinucleotide repeats, and ≥3 tetra-, penta-, and hexanucleotide repeats. A total of 169 repeat motifs were identified in the chloroplast genome, among which the most frequent types 1 Manuscript received 15 March 2016; revision accepted 13 May 2016. This work was supported by funding for scientific research (KNA1-2-13, 14-2) from the Korea National Arboretum. 4 These authors contributed equally to this work. (2) annealing temperature (T a ) 55-65°C, (3) primer size 18-25 bp in length, and (4) amplicon size 150-500 bp in length. To check the amplification success and variability, two individuals from each of three populations of M. bicolor (n = 6; Mt. Deogyu, Mt. Seorak, and Mt. Daeam; Appendix 1) were selected (Appendix 2). PCR amplification was carried out in a total volume of 25 μL, containing 2.5 μL of 10× PCR buffer (10 mM Tris-HCl [pH 8.3], 1.5 mM MgCl 2 , and 50 mM KCl), 0.25 mM of each dNTP, 5 μM of each 6-FAM fluorescently labeled forward and unlabeled reverse primer, 1 unit of Taq DNA polymerase, and 100 ng of DNA template. Amplification of genomic DNA was performed on a Veriti thermal cycler (Applied Biosystems, Carlsbad, California, USA). Fragment length polymorphism was detected on an ABI 3730 DNA Analyzer with GeneScan 500 ROX Size Standard (Applied Biosystems). Peak data were analyzed using Peak Scanner version 1.0 (Applied Biosystems). The authenticity of the loci amplified in M. bicolor populations was confirmed by sequencing the representative PCR products on an ABI 3730 automated sequencer (Applied Biosystems) using the amplification primers. Consensus DNA sequences were assembled for each individual using DNA Baser version 3 (Heracle BioSoft SRL, Pitești, Romania). Of the 41 primer pairs screened, 10 primer sets showed length variation in cpSSR regions and were developed further (Table 1) ; 31 were monomorphic and not developed any further (Appendix 2).
Thirty-three adult individuals from three natural populations of M. bicolor were used to characterize 10 polymorphic cpSSR loci (Table 2 ). All polymorphic loci are located in the noncoding regions in which the mutations are usually neutral (Table 1) . Polymorphism parameters were calculated with POPGENE version 1.31 (Yeh et al., 1997) . The allelic variation (A) in 10 cpSSR loci ranged 
CONCLUSIONS
The cpSSR markers developed here are useful for formulating an in situ conservation strategy of the endangered M. bicolor populations by estimating the level of genetic diversity and population structure. The cpSSR markers will also be useful to determine the minimum size of the ex situ core collection that captures the genetic diversity of wild populations of M. bicolor. All of the cpSSR markers designed here for amplification of M. bicolor are applicable to other congeneric species and are a means for species verification in combination with morphological identification. Note: N = number of samples. a GPS coordinates are not included because this is an endangered species in South Korea. b All voucher specimens are deposited at Gachon University herbarium (GCU), Seongnam, South Korea.
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